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ABSTRACT
Phytoplankton of the surface water in Mobjack Bay and 
York River sub-estuaries of the Chesapeake Bay in Virginia was 
sampled over fifteen months. Samples were collected from the 
surface microlayer, 0.5 m and 1.0 m depths. Phytoplankton iden­
tification, number of species, and the abundance of each was 
noted. Cell density, eveness, richness, and diversity were 
computed. A ratio of cell density of the surface microlayer to 
subsurface was determined. The percent of the thecate dinofla­
gellate and diatom components in the total phytoplankton community 
were determined.
Near-surface phytoplarikton were divided into two ver­
tically stratified communities, one at the surface microlayer 
and the other at 0.5 m and 1.0 m depths. These communities dif­
fered most during the spring, summer, and fall. The surface 
microlayer was approximately ten times as densely populated as 
the subsurface. The surface community usually had fewer species, 
lower richness and diversities, and different evenness than was 
observed for the subsurface community. Vertical heterogeneity 
was also observed in species occurrence and relative abundance of 
community components. Seasonality fluctuations of community 
components revealed temporal differences between the communities. 
Horizontal heterogeneity between the Mobjack Bay and York River 
communities was observed in the seasonal fluctuations of dominance.
SURFACE PHYTOPLANKTON COMMUNITY STRUCTURE OF 
MOBJACK BAY AND YORK RIVER, VIRGINIA
INTRODUCTION
Extensive field studies of estuarine phytoplankton com­
munities are infrequent because of the rapid changes which take 
place within these communities. To assess community changes, a 
large number of environmental parameters that effect these changes 
must be monitored. Furthermore, identifying and counting species 
for qualitative analyses are tedious and time consuming.
Recognizing these difficulties, a small area of the 
Chesapeake Bay estuarine system was selected in the fall of 1970 
for a study of the near surface phytoplankton community dynamics.
A ten-mile transect in the Mobjack Bay and York River sub-estu­
aries (Fig. 1) was sampled from February, 1971 to April, 1972. 
Sampling frequency was flexible because it was partially depend­
ent upon weather condition and on anticipated community changes 
reported in previous investigations by Patten (1966), Patten, et. 
al. (1961, 1963), Mulford (1962, 1963, 1972), and MacKiernan (1968).
The surface micro-layer (upper 0.2 mm) has been reported 
to contain significantly higher cell densities than those observed 
in the immediate subsurface waters (Gibson, 1971; Harvey, 1966;
Roy, et. jil., 1970). No conclusive evidence existed to show 
whether high surface cell densities occurred regularly or as an 
anomaly. The relationship between the surface and subsurface 
phytoplankton communities was also uncertain. To answer these
2
*FIGURE 1 
Sampling Area
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questions, water samples were collected from three discrete near­
surface depths: the surface micro-layer, 0.5 m. and 1.0 m.
The R/V Virginia ( a 46-foot ketch) provided a stable 
platform from which sampling could be conducted. Twenty-four 
successful cruises were made during a 413 day period. These 
cruises yielded 288 phytoplankton samples. Samples were divided 
in the field, and as much preliminary analysis as possible was 
conducted aboard the research vessel. Ancillary analysis pro­
vided productivity potential, chlorophyll ’a ’, salinity, alka­
linity, and dissolved oxygen.
METHODS
GEOGRAPHIC AREA
The two areas of investigation, the Mobjack Bay and the 
lower York River were selected because they differed hydrograph- 
ically and thus might support different phytoplankton communities. 
All of the stations were chosen near channel markers to provide 
accurate sampling station locations.
Mobjack Bay is a tidal bay with very limited freshwater 
input (Pig.2). It is shallower than the York River. The water­
shed for the bay is predominantly mixed woodlands and open fields. 
Four tidal rivers drain into the Mobjack Bay: the Severn, Ware,
North, and East Rivers. The area maintains very limited agricul­
tural activity and is sparsely settled, thus furnishing limited 
enrichment to the relatively unpolluted bay waters.
Station A (37°20'25"N, 76°22'20"W) was located in the 
upper bay between channel markers M-19 and M-20, in approximately 
six meters of water, and in the confluence of the three "upper- 
bay" tidal rivers (Fig. 1). The water was usually calm at this 
station, being choppy only during a southeast wind.
Station B (37°17»10"N, 76°18»15"W) was 4.75 nautical 
miles southeast of station A. It was located in the mouth of the 
bay south of New Point Comfort, near channel marker M-ll, in 
approximately 8 meters of water. This station was located just
5
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beyond the northeast edge of a large gyre, which apparently re­
sulted from the effects of currents across York Spit and through 
the Yorie Spit swash (Fig. 1). Usually the gyre was readily vis­
ible by a "natural" slick. The waters of station B were presumed 
to be a mixture of Chesapeake Bay waters and Mobjack Bay waters.
The area was usually quite choppy and subject to strong tidal cur­
rents and noticeable turbulence.
Station C (36°15'35"N, 76°20*05"W) was located at the 
southern end of the York Spit swash in approximately 2.0 meters 
of water. After the first cruise of February 17, this station 
was deleted from the transect because of the danger of running 
aground while attempting to remain on station.
The York River is a large, deep river which extends 
inland for nearly thirty miles. It terminates at the convergence 
of two inland tributary rivers, the Pamunkey and the Mattaponi.
The combined rivers serve a watershed which extends inland for 
120 miles (Fig. 2). This watershed is very large in comparison 
to that of the Mobjack Bay. Although 70% of the watershed is 
woodlands, there is also a considerable area under cultivation.
At the convergence of the Pamunkey and the Mattaponi Rivers, a 
large paper-pulp mill is located. Along the shores of the York 
River are four military installations, an oil refinery, an 
electric power plant, and numerous marinas. The river also 
receives the discharge from the Yorktown municipal sanitary 
sewage treatment facility. All of these factors combine in 
altering the York River water from its natural condition (Brehmer, 
1970).
Station D (37°14I40"N, 76°21’00"W) was located in the 
mouth of the York River near channel marker Y-8, in approximately 
thirteen meters of water. As with station B, station D was a 
mixture of Chesapeake Bay and York River waters, was exposed to 
wind and tidal currents, and was usually quite choppy.
Station E (37°14»40"N, 76°23»30"W) was located two 
nautical miles upriver from station D and was centrally located 
in the channel between Tue Marsh light and the quick flash 
marker due north. At this location the water was twenty-one 
meters deep. The station was partially protected from the wind 
and was usually less choppy than stations B and D.
SAMPLING PROCEDURE
Phytoplankton were sampled at three depths at each 
station. The surface micro-layer ( 0.2 mm) was sampled with a 
“screen" sampler constructed in accordance with the description 
given by Garrett (1965) and Gibson (1971). It consisted of a 
24"x24" section of #16 mesh Monel screen, set in a brass frame 
and equipped with handles (Fig. 3). The screen was submerged, 
then drawn up through the water column. As the screen broke the 
surface, a film of surface water was trapped between the wire 
meshes by adhesion and surface tension. It was claimed (Jarvis, 
et. al., 1967) that the upper 0.15 mm of the surface was sampled. 
Sieburth (1963) used a similar technique for the collection of 
bacteria from surface films. The screen sampler had been tested 
for its accuracy in capturing phytoplankton and was found to be 
comparable to a trap sample (Roy, et. al., 1970).
FIGURE 3 
Screen - Type Sampler
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Figure 3. The Garrett screen-type surface microlayer 
sampler.
The screen was removed from the water and tilted so that 
the trapped water flowed from a corner into a polyethylene jar.
To acquire a volume of 1.7 liters needed for the various experi­
mental procedures, it was necessary to repeatedly dip and drain 
the screen sampler. A sufficient quantity was usually obtained 
after seventeen dips. The repeated dipping of the screen sampler 
probably reduced the sampling error resulting from the irregular 
distributional pattern characteristic of phytoplankton (Ahlstrom, 
1969: McAlice, 1970; Holmes and Widrig, 1956).
The subsurface samples were taken from 0.5 m and 1.0 m 
depths with a submersible pump (Aron, 1958 and 1962; Lohmann, 1903 
and 1908; Barnes, 1949; Beers, et. al., 1967) suspended from the 
end of a ten foot extension platform attatched to the fantail of 
the ketch. Thus the pump was about ten feet from the hull of 
the ship, minimizing the effects of ship-induced turbulence. The 
variability in sampling depth was not large because the ketch was 
stable except in very rough waters. If conditions became too 
rough for accurate sampling, the cruise was aborted, as happened 
on four occasions.
Sampling was begun after allowing sufficient time to 
thoroughly rinse the pump and hose. The hose discharge was 
directed into a Nitex plankton net having a mesh size of o.'02 mm. 
The filtered water was trapped in a graduated container. After 
a volume of ten liters of water had been filtered, the net was 
repeatedly rinsed with the filtered water until a maximum amount 
of the plankton was concentrated in the glass specimen bottle 
attatched to the cod end of the net. The bottle was then removed
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and neutral formalin was added to obtain a 4% concentration of 
fixative.
During the filtering process, the discharge hose was 
temporarily diverted into collection bottles for the concurrent 
analysis of potential productivity, chlorophyll ’a*, total C02, 
alkalinity, dissolved oxygen, salinity, and temperature.
The use of a submersible low-volume (2 liters/min.) 
pump was selected for its integrative quality. During the five 
minute pumping time for each sample, the sampled water mass was 
continually moving slowly past the pump inlet. Water movement 
resulted from tidal current and boat drift so, as with the sur­
face samples, the subsurface samples were integrated rather than 
discrete.
SAMPLING FREQUENCY
Sampling frequency was keyed to the rapidity of community 
change (Patten, et. al., 1963; Mulford, 1963; MacKiernan, 1968). 
Mid-November to mid-March, a season of relatively slow community 
change, was sampled at approximately one month intervals. Mod­
erate rates of community change have been observed from mid-March 
to mid-May, mid-July to mid-August, and mid-September to mid-No­
vember (Patten, et. al., 1963; Mulford, 1963; MacKiernan, 1968). 
During these periods the sampling frequency was approximately 
every two weeks. Sometime between mid-May and mid-July, the 
phytoplankton community was reported to change from the "winter- 
diatom" community to the "summer-dinoflagellate" community. In 
the fall, from mid-August to mid-September, the reverse change
12
has been observed (Cowles, 1930; Wolfe, et. al.. 1926). During 
these periods, sampling was conducted every seven to ten days.
Phytoplankton were usually sampled during the calmest 
days of any given period. Planned cruises were aborted when the 
wind speed exceeded twelve to fifteen mph (Table 1).
SAMPLE PROCESSING
In the laboratory, formalin fixed surface samples were 
mixed to resuspend the phytoplankton, and one liter was trans­
ferred to a graduated cylinder. The cylinder was then covered 
with a petri dish and was undisturbed for forty-eight hours.
The water was then slowly siphoned from the surface until only 
50 ml remained in the cylinder. The concentrated sample was 
agitated to resuspend the phytoplankton and poured into a 450 ml 
tissue culture flask. The cylinder was rinsed twice, using a 
squeeze-type washbottle filled with filtered seawater fixed with 
neutral formalin. Each of the two 25 ml washings were added to 
the phytoplankton concentrate, which was then tightly capped.
Thus, the original one liter sample was concentrated into 100 ml. 
Microscopic examination could not be performed as fast as the 
field collection, and some samples were stored for as long as 
six months. During this period there was no detectable evaporation 
from the culture flasks.
The 32 ml subsurface concentrated samples, fixed and 
capped in the field, were sealed with paraffin in the laboratory 
to prevent evaporation and leakage. Each vial contained the phy­
toplankton strained from ten liters of water.
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TABLE I
Sampling Dates and Weather Conditions
CRUISE
#
DATE DAYS
ELAPSED
WIND
SPEED
(MFH)
AIR
TEMPERATURE
°F
WATER
TEMPERATURE
8C
SEA
CONDITION*
1 17 II 71 0 7-10 . 40-48 4-5 Mod. Rough
2 25 III 71 36 2-7 39-45 7-8.5 Mod. Rough
3 5 IV 71 47 3-6 57-60 11-13 Sit. Rough
4 4 V 71 76 6-15 66-70 15.5-16.5 Mod. Rough
5 19 V 71 91 3-6 66-70 20.5-22 Mod. Rough
6 4 VI 71 107 1-2 80-86 . 21.5-25.5 Calm
8 18 VI 71 121 3-7 60-80 23-24 Rough
9 23 VI 71 126 1-12 74-78 25-26.5 Rough
11 9 VII 71 142 . 7-11 80-82 27.5-28.5 Rough
12 20 VII 71 153 2-10 78-82 27-28 Sit. Rough
13 4 VIII 71 168 1-10 82-84 28.5-29.5 Mod. Rough
14 17 VIII 71 181 2-6 77-78 26-27 Mod. Rough
15 25 VIII 71 189 1-10 74-77 24.5-27 Calm
16 1 IX 71 196 5-8 70-73 24.5-26.5 Rough
17 8 IX 71 203 0-1 83-85 27.5-29.5 Very Calm
19 23 IX 71 218 0-4 78-82 26.5-27 Rough
20 8 X 71 233 0-8 60-64 20-22 Calm
22 22 X 71 247 5-11 67-68 20-21 Rough
23 13 XI 71 269 5-10 62-64 14-16.5 Mod. Rough
24 9 XII 71 295 2-8 49-56 8-9.5 Calm
25 24 I 72 341 0-11 55-59 6.5-9 Very Calm
26 10 II 72 358 2-14 38-39 5-6.5 Mod. Rough
27 10 III 72. 387 8-25 40-41 6.5-7 Very Rough
28 4 IV 72 413 10-2(5 58-60 9.5-11.5 Mod. Rough
*Note: Very calm = smooth surface, Calm = rippled surface, Sit. Rough = 5<50
cm chop, Mod. Rough = 5CK100 cm chop, Rough = 100<150 cm chop, Very 
Rough = >150 cm chop.
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MICROSCOPIC ANALYSIS
Phytoplankton sample analysis followed the Utermohl 
method of microscopy (Utermohl, 1958; Lund, et. al., 1958; Ahl- 
strom, 1969; Gillbricht, 1962). Dinoflagellate identification and 
enumeration was performed as follows. Three 1 ml aliquots were 
consecutively removed with a wide mouth pipette from a resuspended 
concentrated sample and placed in 2.4 ml settling chamber slides.
The chambers were filled with filtered seawater and sealed with 
cover glasses. After settling for two hours, one chamber was 
examined to ascertain whether dinoflagellate settling was com­
pleted before identification and enumeration was begun. Through­
out the investigation, the settling rates of numerous samples 
were randomly checked. The settling process was always completed 
within one hour. Thus, the two hour settling time allowed an am­
ple "grace" period for even the slowest settling samples. The 
Zeiss inverted microscope used for identification and enumeration 
was equipped with a mechanical stage having stops permitting only a 
1 cm area to be examined. The total area of the bottom of the
o
chamber slide was 4.9 cm . Only thecate dinoflagellates could 
be identified and enumerated because fixation procedures either 
ruptured, or rendered the non-thecate species unrecognizable.
Theca lacking protoplasm and chromatophores were probably invi- 
able before fixation and were not included in the enumerations. 
Identification was performed using magnifications from 160 X to 
1000 X and included dark field and phase contrast as well as light 
field examination. Identification was based on species descriptions
by Callrins (1902), Kofoid (1906, 1907 a and b, 1911 a and b), 
Kofoid and Swezy (1921), Lebour (1925), Bigelow (1926), Allen 
(1928, 1941), Martin (1929), Lillick (1940), Morse (1947), Wood 
(1953, 1963}a and b, 1968), Griffith (1961), Brunei (1962),
Brusa (1963), Mountford (1967), Mulford (1963), Loeblich (1966), 
Marshall (1966, 1967) Riley and Conover (1967), Steidinger, et. 
al. (1967), Wood and Lutes (1967), MacKiernan (1968), and Stei­
dinger and Williams (1970). Individual cells were counted under 
250 X magnification and under higher magnification when cells of 
uncertain identity were encountered.
Three subsamples were drawn from each field sample for 
cell identification and enumeration. This ensured that the counts 
accurately reflected the species present in the field samples.
The triple counts also reduced any large error which may have 
resulted from the subsampling procedure. On two occasions the 
accuracy of the triple subsampling procedure was checked by 
increasing the number of subsamples to ten. These two check 
analyses indicated that there was no significant difference in 
the computed cell densities between the triple subsample enumer­
ations and the deca subsample enumerations. In one of the two 
check analyses, one individual of one species not encountered 
in the initial three subsamples was found. The addition of a 
species to the taxa-number would be significant in those samples 
having few dinoflagellate taxa. However, the addition of one 
individual would have resulted in no significant changes in the 
other computed values.
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This microscope procedure was used for nearly all the 
samples except for a few where the cell densities were exceedingly 
low. For these, a 5 ml. aliquot was placed in a settling chamber 
so that the settled cells were not more than one cell layer thick 
on the bottom of the slide chamber.
The diatoms and other phytoplankton were identified by 
Ms. V. R. Gibson. The same triple subsampling procedures were 
followed as described for the dinof1age11ate analysis. The only 
alteration to the procedure was to increase the settling time in 
the chamber slides from two to twelve hours to ensure complete 
settling of the most bouyant of the diatoms.
COMMUNITY STRUCTURAL ANALYSIS
The density of the phytoplankton in a given sample 
was calculated from cell counts. This density value approximated 
the true density of cells present in the natural water mass. Cell 
density values were computed for three separate components of the 
phytoplankton community: thecate dinoflagellates, diatoms, and 
"other" phytoplankton. Their combined values comprise the 
"total" phytoplankton density from which relative percentages of 
each of the three components were calculated. This total density 
does not represent an estimate of the true density of phytoplank- 
ters in the environment because many taxa and individuals, unar­
mored forms, were destroyed during the fixation of the samples.
Species diversity, evenness and richness, were also 
computed. The species diversity, or average information content,
was computed using the formula (Shannon-Weaver, 1963)r
H» = - 2  log
Pi Pi
where (S) is the number of species, (p^) is the proportion of 
the itlx species in the community and where (n^/N) is considered 
a sample estimate of (p^). Pielou (1966 a) reviewed the theore­
tical implications of different types of diversity formulas and 
recommended that the (Hf) diversity be employed for collections 
from which a rendom sample can be drawn and where the total 
number of species is unknown.
The theoretical maximum diversity for a given community 
is given by the formula (Pielou, 1966 b)r 
H'max - logs
The ratio of (H') to (H'max) is an expression of the 
evenness component of the informational diversity (Pielou, 1966 b) 
J' = H ’/H'max
Use of the evenness value is not completely valid because the 
true community (S) value is unknown and the sample (s) value may 
yield evenness values which are not necessarily equivalent to the 
real community evenness. However, the sample evenness values are 
useful in comparing evenness in similarly collected samples.
The simplest expression of the species richness compo­
nent of the informational diversity is (s), the number of species 
in a sample. Because of the varying density of phytoplankton, 
some expression of the relationship between the number of indi­
viduals and the number of species is more appropriate. Margalef
(1967) proposed the ratio?
d = (S-l)/log N 
n
to be a measure of the species richness component most applicable 
to phytoplankton community analysis.
All analyses were computed using the IBM-1130 system.
SUPPLEMENTARY DATA
The samples taken from the 0.5 meter depth were divided 
so that, in addition to the phytoplankton analysis, the potential 
primary productivity, chlorophyll ’a', total C02, alkalinity, 
dissolved oxygen and salinity could be measured. The total C02, 
salinity, alkalinity, and dissolved oxygen were measured by the 
methods of Strickland and Parsons (1968). Chlorophyll 'a* was 
measured by the flourescence method of Yentsch and Menzel (1963). 
Potential primary productivity was measured in the following 
manner. Four 100 ml subsamples were placed into 125 ml rectan­
gular flint glass bottles and inoculated with 1 ml of C14-NaC02
£
stock solution (1.50 x 10 DPM). One bottle was then enclosed
in a black bag. The four subsamples were attached to a rotating
cylinder inside an illuminated incubator maintained at ambient
water temperature (Doty and Oguri, 1959). The plankton of each
subsample (except that of the dark bottle) was thus exposed to
equal light conditions provided by four 40 watt flourescent tubes
£
one warm white, one cool white, and two Plant Gro (Sylvania).
The mean distance from each lamp was 10 cm.
After four hours of incubation, the cultures were fixed 
with 0.5 ml neutral formalin and filtered with 47 mm membrane
19
filters (0.45u pore size). After the filters were dried in a 
002-free dessicator for twenty-four hours, they were placed in 
scintillation vials and covered with 10 ml of a toluene base 
scintillation fluid to which three drops of hyamine hydroxide 
were added. Counting efficiency was determined using an internal 
standard of C14-toluene. The potential primary productivity was 
computed from the following:
^  LDPM-DDPM 1 mg GO2
mg C m"3hr“ = — — — —  x — — — — —  x ------ x
DPtyl added hrs. incubated liter
12
  x 1.05 x 1000
44
where: 4>PM = activity in the light bottle in disintegrations
minute”-1’.
DDPM = activity in the dark bottle in disintegrations 
minute*’’1'.
12/44 = ratio of C to 00^
1.05 = correction factor for isotope discrimination
1 O 14
between stable CA and unstable C .
RESULTS
The 288 phytoplankton samples contained sixty-six spe­
cies and eleven genera of dinoflagellates. The date from these 
samples are grouped by station and sure presented in tabular and 
graphic form. All of the graphs have a common time sclae plotted 
along the abscissa. The ordinate scale is variable, depending on 
the parameter being considered. All values were plotted as "point" 
values, and the consecutive points were joined by straight lines. 
The lines themselves do not represent observed data, but are use­
ful in visualizing community changes. Interpretation of the 
graphed data is based on the assumption that the plotted values 
reflect the true values of communities from which they were 
taken. For some of the community parameters, the two subsurface 
values were pooled to determine the mean value. This was done 
after preliminary analysis revealed that the paired subsurface 
values were similar in all parameters measured or computed (Tables 
3,4,5,7,9,11,12,13). The community parameters for which the pooled 
subsurface values were used are species occurrence and ratios of 
surface to subsurface cell density.
20
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STATION A; UPPER MOBJACK BAY
PINOFLAGELLATES
Fifty-three species of dinoflagellates were collected 
at Station A (Table 2). Annual occurrence of each species is re­
ported as its relative percentage of the dinoflagellate community. 
During the sampling period, sixteen species were dominant in at 
least one sample. Dominance was arbitrarily established as any 
species comprising at least 10% of the total dinoflagellates 
observed in that sample. Of the sixteen dominant species, seven 
were dominant on only one sample date, whereas six were dominant 
on 25% or more of the sample dates. These six species were, in 
decreasing frequency of dominance; Prorocentrum minimum, Proro- 
centrum micans, Diplopsalis rotundata, Ceratium furea, Peridinium 
nundum, and Peridinium triqueta.
Dinoflagellate community parameters for station A are 
presented in Table 3 and Figs. 4,5,6,13, and 14. Dinoflagellate 
community density fluctuated extremely (Fig. 4). Throughout the 
year, the two subsurface depths fluctuated in unison so as to 
appear nearly parallel. In contrast, during the spring and sum­
mer, the surface community did not appear to be in synchrony with 
the subsurface. The surface community exhibited three peaks in 
density (May 19, July 9, and December 9, 1971), while the sub­
surface exhibited two density peaks (August 25, and December 9, 
1971). Over the entire sampling period, the surface community 
averaged 21.1 times as dense as the subsurface community. The 
most, pronounced difference between the surface and the subsurface
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occurred on May 19, 1971. At this time the surface community was 
377.9 times as dense as the subsurface. The surface community 
was 95% Peridinium nudum, while in the subsurface, £. nudum com­
prised less than 10% of the community (Table 2). Similarly, on 
June 23, 1971, the surface community was 44.6 times as dense as 
the subsurface community. Peridinium nudum comprised 87% of the 
surface community and less than 1% of the subsurface community.
The species dominance and abundance differences between the sur­
face and the subsurface populations were not limited to P. nudum, 
nor were they limited to these two indicated times. Throughout 
the investigation, Prorocentrum minimum consistently appeared as 
a larger component of the surface community than of the subsurface 
community. In contrast, Prorocentrum micans, Ceratium furca, and 
Diplopsalis rotundata appeared as a larger component of the sub­
surface community.
Parallel density trends in the two subsurface sampling 
depths suggests that they were occupied by the same community.
The pronounced differences between the surface and subsurface 
densities during the spring and summer suggests that different 
communities occupy the surface and subsurface. Differences in 
the relative percentages of the species comprising the communities 
also suggests the presence of different communities. The two sub­
surface depths had only slight differences in species composition 
and abundance throughout the year. In contrast, the surface spe­
cies composition usually differed from the subsurface.
The surface community at station A consistently had 
fewer species than did that of the two subsurface depths (Fig. 5).
27
V
SE Ul
U.
UJ
in o  m o  m o  
cvi . — —
CM
r*-
0)
iu
h
<
o
in
o
£
o>
S3l03dS  JO y39Wf!N A±ISM3AI<3 S3l03dS
Di
no
fl
ag
el
la
te
 
S 
& 
S 
Pl
ot
s 
at 
St
at
io
n 
A
28
The mean number of species for the surface community was eight; 
for the subsurface it was twelve. On two occasions the surface 
community had as many species as the subsurface. The parallel 
density fluctuations of the two subsurface depths was not clearly 
reflected in the fluctuations of the number of species. Further­
more , the patterns of fluctuation in species number at the sur­
face do not diverge as obviously from the subsurface as those of 
cell density.
Species diversities (H') of the surface community 
were considerably different from those of the subsurface at 
station A. (Fig. 5). The two subsurface fluctuations in diver­
sity were in accordance for most of the year. In contrast, the 
surface diversity fluctuations were discordant with the subsurface 
during the spring and summer. The most pronounced difference 
occurred on May 19, 1971 when diversity at the surface was 0.3438 
and at the subsurface was 2.7496 and 2.9074.
The richness component (d) of species diversity for the 
surface was not significantly different from the subsurface for 
much of the year (Fig. 6). The greatest fluctuations occurred 
in the spring and summer. The largest difference between the 
surface and the subsurface values occurred on May 19, 1971.
The evenness component (J*) of species diversity 
reflected the rapid fluctuations typical of phytoplankton com­
munities. The two very low surface values (May 19 and July 9, 1971) 
resulted from the abundance of P^ . nudum in the surface community.
This separation was most pronounced from April through October.
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In summary, the dinoflagellates at station A appeared 
to be vertically stratified into two partially separated communi­
ties during most of the year. The separation occurred between 
the surface micro-layer and 0.5 meter depth and was readily ob­
servable by differences in evenness,,cell densities, and species 
diversities. Also, the surface community had a tri-modal pattern 
of peak densities, whereas the subsurface had a bi-modal density 
pattern. Differences between communities were not as apparent in 
species richness values or in species occurrence, even though the 
subsurface consistently had more species present than the surface.
The separation into two communities appears to be quite stable 
since the disparities were observable throughout most of the year. 
Furthermore, the two communities were fairly resistant to mixing 
because on the days when extreme differences between the two 
communities were noted (May 19 and June 23), the respective 
weather conditions were moderately rough and rough (Table 1).
STATION A:: UPPER MOBJACK BAY
DIATOMS
The diatom community analysis results for station A 
are presented in Table 4 and in Figs. 7,8,9,13, and 14. Diatom 
community density values fluctuated seasonally (Fig. 7). Through­
out the sampling period the two subsurface densities fluctuated 
similarly, the paired values being consistently nearly equal. 
Fluctuations in surface cell density were similar to those of the 
subsurface, whereas the surface density values were consistantly
i 31
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larger. The seasonality pattern was one of high winter densities, 
moderately high mid-summer densities, and low spring and fall den­
sities. The density of both surface and subsurface communities 
exhibited a tri-modal pattern, with peaks on July 20, September 1, 
and December 9, 1971i The greatest difference occurred on August 4, 
when the surface community was 39.8 times as dense as the subsur­
face. During the entire investigation the surface community had 
an average density 15.6 times greater than the subsurface.
The surface community usually had fewer species present 
than did the subsurface community (Fig. 8). The average number 
of species in the surface community was 25.5 while that of the 
subsurface was 33.0. At only one time did the surface have a 
larger number of species than the subsurface, August 25 through 
September 8. Patterns of fluctuation in species number for all 
three depths appear to be quite similar.
Species diversity (H*) showed only slight differences 
between the surface and the subsurface (Fig. 8). The two sub­
surface depths showed a high degree of similarity and both dis­
played pronounced simultaneous fluctuations (June 4, July 9, and 
August 4, 1971)., These fluctuations were reflected in the surface 
diversities, but were not as pronounced. Maximum differences 
between the surface and the subusrface diversity occurred on 
June 4 and January 24. The respective valuex were: surface
1.4613, subsurface 3.5313 and 3.1980 and the surface 0.6510, sub­
surface 2.5152 and 2.4395.
Species richness (d) at the surface was only slightly 
lower than the subsurface and the pattern of fluctuation was
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similar for all three depths (Fig. 9). On all but four of the 
sampling dates, the surface richness was lower than the subsurface. 
The most pronounced fluctuations occurred in the fall, whereas 
the richness was more stable during the winter.
Evenness (J*) fluctuated frequently from May to Sep­
tember (Fig. 9). During the winter there was less fluctuation 
and evenness values were lower. The paired subsurface values 
showed a high degree of similarity in both magnitude and pattern 
of fluctuation. The surface evenness values were often different 
from the subsurface values and the surface fluctuation pattern 
did not closely follow the subsurface fluctuation.
In summary, the diatoms in the upper Mobjack Bay appear­
ed to be vertically stratified into two partially separated com­
munities. This separation occurred between the surface and the 
0.5 meter depth and was evidenced by higher surface cell densities 
and in the different patterns of fluctuation in species diversity, 
and evenness. Surface species richness and number of species 
were consistently lower than those for the subsurface. Because 
of the similarity in seasonal fluctuation patterns for all of 
the parameters, the surface diatoms may represent peripheral 
populations rather than a distinct community.
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STATION A: UPPER MOBJACK BAY
TOTAL PHYTOPLANKTON
Total phytoplankton community analysis results for the 
upper Mobjack Bay are presented in Table 5 and Figs. 10 through 
14.
The surface community density was consistently greater 
than that of the subsurface community (Fig. 10). The surface 
community averaged 21.8 times as dense as the subsurface community, 
and the maximum difference occurred on April 5, 1971 when the 
surface was 147.1 times as dense (Table 5). Throughout the sam­
pling period the paired subsurface densities were consistently 
close in relative value and the resultant fluctuation patterns 
were similar. The surface fluctuation pattern reflected that of 
the subsurface except for one clear difference on April 5, 1971. 
The multi-modal density peaks for the total phytoplankton com­
munity clearly reflected diatom dominance during both winter and 
summer. Dinoflagellates were dominant during the spring (May 19 
and July 20, 1971). Peak densities of the surface phytoplankton 
community exhibited a quadra-modal fluctuation pattern (May 19, 
July 20, September 1, and December 9, 1971) (Fig. 10), whereas 
the subsurface community exhibited a tri-modal density fluctuation 
(July 20, August 25, and December 9, 1971).
For most of the sampling period, the surface community 
contained fewer species than did the two subsurfaces (Fig. 11).
The surface averaged thirty-four species while the subsurface
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averaged forty-six species (Table 5). The fluctuation pattern 
for all three depths was similar.
From mid-July until mid-December the species diversities 
(H’) for all three depths and the resultant fluctuation patterns 
were similar (Fig. 11). During the remaining months the surface 
diversities were dissimilar from the subsurface diversities. The 
maximum difference occurred on January 24, 1972, when the surface 
value was 2.0931 and the two subsurface values were 2.7255 and 
2.8387.
The subsurface community was consistently richer (d) than 
the surface community (Fig. 12). From August 25 to September 8,
1971, the surface community had slightly greater richness than 
that of the subsurface. The fluctuation pattern was similar for 
all three depths.
Rapid fluctuations in the evenness (J ') reflected the 
bloom-or-bust characteristic of phytoplankton communities (Fig. 12). 
During the spring and summer there was considerable disparity 
between the surface and subsurface fluctuations. During the fall 
and winter the three depths exhibited considerable similarity in 
fluctuation patterns. The greatest discrepancy between the 
surface and the subsurface occurred on May 19, 1971 and January 
24, 1972. The respective values were; surface 0.2543, subsur­
face 0.5857 and 0.6022; and the surface 0.1494, and subsurface 
0.5280 and 0.4946.
The ratios of the surface density to subsurface density 
for the dinoflagellate and diatom components and for the total
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phytoplankton community are shown in Fig. 13. The surface dino- 
flagellates averaged 21.1 times as dense as that of the subsurface. 
The surface diatoms averaged 15.6 times as dense as the subsurface. 
The surface total phytoplankton community averaged 21.8 times as 
dense as the subsurface. The dinoflagellate and the diatom com­
ponents appear to fluctuate independently from one another. In 
both assemblages there were occasions when the surface to sub­
surface ratio was less than one. In contrast, the surface total 
community was never lower than 3.7 times as dense as that of the 
subsurface.
The relative component percentages of the total phyto­
plankton community for station A are shown in Fig. 14. The diatom 
component was dominant at all three depths during the winter.
The difference between the surface and the subsurface communities 
was most evident on April 5, 1971, when, in the surface water the 
dinoflagellates comprised only 23.5% of the community, while in 
the subsurface water they comprised 68.8% and 67.4%. Similarly, 
on May 19, 1971 the surface dinoflagellates were 93.2% of the 
community and in the subsurface they were 37.6% and 35.2%. Fifteen 
days later, on June 4, the dinoflagellates were only 15.3% of the 
surface community and 45.3% and 56.9% of the subsurface community. 
The difference between the surface and subsurface was not exhibited 
only by the dinoflagellates. On October 22, 1971 the surface com­
munity was 53.7% silico flagellates and 8.0% dinoflagellates, while 
the subsurface community was 6.5% and 5.3% euglenoids and 41.5% 
and 48.6% dinoflagellates. The discrepancies between the surface
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and the subsurface components occurred throughout much of the 
summer, but were stabilized by the diatom dominance during the 
winter. Numerous summer peaks and valleys are characteristic of 
a dynamic phytoplankton community and the fluctuations vividly 
reflect successions within the communities.
Productivity and chlorophyll ’a’ appear to fluctuate 
independently from one another (Fig. 1 5 ) Furthermore, neither 
appears to correspond with the community density fluctuations 
(Fig. 10) or with the fluctuations of dominance (Fig. 14).
Winter diatoms declined when the water temperature 
was rapidly increasing from 5°C to 10°C (Fig. 15). The dino- 
flagellate spring bloom occurred when the water temperature rose 
from 16°C to 21°C. The second spring dinoflagellate bloom oceur- 
red during the period when water temperatures increased from 24°C 
to 28°C. In the fall, when the water temperature declined from 
22°C to 9°C the winter dinoflagellate bloom occurred. The diatoms 
again became dominant when the water temperature dropped below 
10°C. Salinity did not exhibit as direct an influence over the 
phytoplankton community as temperature.
In summary, the near surface phytoplankton were verti­
cally divided into two partially separate communities. The sepa­
ration occurred between the surface and the 0.5 meter depth. This 
separation was evidenced by consistently higher surface cell den­
sities, lower number of species and lower species richness. The 
separation was also observable by differences in species diversi­
ties and evenness during the spring and summer. Furthermore, the
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surface community exhibited a quadra-modal pattern of peak cell 
densities while the subsurface had a tri-modal pattern. The 
surface to subsurface density ratios for both diatom and dino­
flagellate components were consistently greater than one. In 
addition, the surface to subsurface density ratios for the total 
phytoplankton community never went below one. The separation of 
communities was further shown by the pattern of alternation be­
tween dominant phytoplankters. During the spring, summer, and 
fall, there were numerable differences between the surface and 
subsurface populations.
STATION B: NEW POINT COMFORT
DINOFLAGELLATES
Forty-four species of dinoflagellates were collected 
at station B (Table 6). Annual occurrance of each species is 
reported as its relative percentage of the dinoflagellate com­
munity. During the sampling period, twelve different species 
occurred as dominants. Of these, three were dominant on only 
one sample date, whereas four were dominant on 25% or more of 
the sample dates. These four were, in decreasing frequency of 
dominance: Prorocentrum minimum, Diplopsalis rotundata, Proro-
centrum micans, and Ceratium furca.
Dinoflagellate community parameters for station B are 
presented in Table 7 and Figs. 16, 17, and 18. Dinoflagellate 
community density fluctuated widely (Fig. 16). Throughout the 
year the subsurface densities fluctuated in unison, apparently
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-/O
-/o -/o 
4/4 0/4 -/o
lcntlculaca
lenols ./O -/o -/o 0/0
Marilabourae
nonosolnum
-/o 
0/- 0/0
0/- -/O 
-/♦
-/+ 0/- 0/- -/o 
»/o 0/0
4/-
-/4 4/4 v  +/♦
nuduM
oblonaum
♦/- -/© O/+ 0/0 25/: " 0/4 4/0 4/4 4/4 -/o -/o
obtusun
pellucidum
-/O -/o -/o -/O
pentagonura 
pentagonum v/1
-/fl
•
prebrovn
pvrlforr-.e
quinquccorne
toaeun
-■/+■" 0/4 -/o
*
^scuccllum
stenfi -/o -/o -/o
eublncrtto
trlouctrua OA oA
-/O
4/32
0/0 ■»/4
18/21 21/24
♦/♦ .0/52 
0/0 0/0
trochoideua
tuba
m/0 -/o 0/- •/O 0/4 4/4 4/4 -/o -/o
•p* a
so. b
.Frorocontrua 
" Mlcans 31/80 17/15 4/4 58/91 20/10 50/71 14/68 0/4 .4/4 0/4 o/+ -/+
aiiniMu»-
trlangulatum
SCUtClltlM
61/17 50/* 93/75 41/* 35/68 37/4 
-/♦
75/38 91/50 
-/o
30/4 37/14 
-/o «/o
*8/15 22/+ 
-/o
Wires - ■ none observed; 0 ® IX; ♦ “ 10K; f •> percentage of population.
* +/+ = Surface value/subsurface value
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representing the same community. The surface density fluctuations 
during the spring did not reflect those of the subsurface. During 
the fall and winter, the surface fluctuations closely reflected 
those observed for the subsurface. The surface community had 
three peaks in density (May 19, July 20, and December 9, 1971), 
whereas the subsurface had only one pronounced peak (December 9, 
1971). The surface density was always greater than the subsur­
face, averaging 13.3 times as dense. The most pronounced dif­
ference between the surface and subsurface density was on Septem­
ber 8, 1971, when the surface community was 70.8 times as dense as 
the subsurface. On this date, the surface community was 93% Proro- 
centrum minimum and the subsurface was 75% P. minimum. The subsur­
face possessed two other dominant species which were not dominant 
in the surface. Diplops ad is rotundata comprised less thaui 10% of 
the surface community. Ceratium furca made up 11% of the subsur­
face community and was not observed in the surface. On June 4, 1971 
the surface community density was sixty-six times as dense as the 
subsurface. The surface was 92% Glenodinium foliaceum, which com­
prised less than 10% of the subsurface community. In contrast, the 
dominant subsurface species were 60% Diplopsalis rotundata auid 12% 
Prorcentrum micans, neither of which was observed in the surface 
community.
The surface community at station B consistently had fewer 
species than did the subsurface (Fig. 16). The surface averaged 
7.5 species while the subsurface averaged 11.6. On one occasion, 
September 8, 1971, the surface had a greater number of species than 
did the subsurface. Throughout the sampling period,the fluctuation 
patterns were similar for all three depths.
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There were considerable differences between the surface 
and the subsurface species diversities (Fig. 17). The subsurface 
fluctuations corresponded throughout the sampling period but were 
discordant with the surface for most of the year. The most pro­
nounced difference occurred on June 4, 1971, when the surface di­
versity was 0.5678 and the subsurface diversities were 2.2107 and 
2.1911.
In the spring and summer, the surface was consistently 
less rich in species (d) than was the subsurface (Fig. 17). The 
range of fluctuation for all depths was not great at any time and 
the dinoflagellate community was characteristically poor in species 
richness. The greatest difference between the surface and subsur­
face occurred on May 19, 1971, when the surface richness was 0.3527 
and those of the subsurface were 1.9036 and 2.0854.
There were pronounced fluctuations in evenness for most 
of the sampling period (Fig. 17), The three very low surface 
values on June 4, September 8, and December 9, 1971 resulted from 
the abundance of P. minimum and P. mi cans. The evenness evaluation 
clearly showed the disparity between the surface and subsurface 
communities. This disparity was most pronounced in the spring 
and fall.
Surface to subsurface density ratios were consistently 
greater than one and averaged 13.3 times as great (Fig. 18). Peaks 
occurred on June 4, July 20, and September 8, 1971. The largest 
values occured during the summer and only moderate values occurred 
during the winter.
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Productivity and chlorophyll*af fluctuated independently 
from one another (Fig. 19). Neither revealed any clear correspond­
ence with the dinoflagellate density fluctuations (Fig. 16).
The rapid spring dinoflagellate increase took place when 
the water temperature rose from 10°C to 20°C. The high winter di­
noflagellate density occurred on December 9, 1971, when the water 
temperature dropped to 10°C. The decline of the spring and fall 
communities occurred during periods of salinity decline.
In summary, the dinoflagellates at station B were verti­
cally stratified into two partially separated communities between 
the surface and 0.5 m depth. This separation was readily observable 
in evenness, cell density, and species diversity. The surface com­
munity had three density peaks, while the subsurface had only one 
major peak. The difference between the communities was not as pro­
nounced in the species richness, even though the subsurface con­
sistently had more species. The separation into two communities 
remained stable and was discernable for most of the year.
STATION D: YORK RIVER MOUTH
DINOFLAGELLATES
Fifty-two species of dinoflagellates were collected at 
station D (Table 8). Annual occurrence of each species is reported 
as its relative percentage of the dinoflagellate community. During 
the sampling period, fourteen different species occurred as domi­
nants, seven being dominant on only one sample date, while three 
dominated on 25% or more of the sample dates. These three species
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TABLE 8
Dinoflagellate Species List and Occurrence* 
Station D
S3H
u
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a 53(1. s
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H  CM
M
a
<
in
S
NN
&
£
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(I 01
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0
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Oi . rf 00
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N
>.H3
"J
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3
O
CM
Ol
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3
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1 2 3 4 S 6 6 9 11 12 13 44
CCNtilM
furca . -Jo -to -to of+ -/4 4/4 .
4Wus
llncatum
-/o -/o
-to ot-
Jtongipcs
nacrocrros
-to
tripos
Dinoithvsls
-to
acuminata
exunua
0/4 0/4 0/4 o/> —J4 -/4 -/o
ovum
punctata
-to
inplopsaiis
lentlcula 4/4 +/+ -/O -/o -to
rotundata
Diploosalopsis
4/lJ 31/St 30/89 0/4 0/4 4/41 31/33 14/25 4/14 0/4 -/* O/O •
Minor
obicularls
o/-
-/o - / + -/o 0/- -/o -/o -to Of4 -/o -to -to
Glenodinlua
/oliaceua o/- -/O 15/4 -to */4
•p.
Gonyaulax *
dicantha
dlacnsls-
0/- “ / 4 O/- -to - / 4 -/O
digitale
dlaltale
:>+ -Jo 4/4 -/4 -/O
loliaceuo
■tonilata «/o
nonocantho
polyedra
—/ 4 
-/0 4/4 -to
poiygratriaa
apinifcra 4/- -/o -/o -to -/4 -to
fcurbynei
Katodinlum
rotunoata
SP. 4/-
' 28/-1
Hoctlluca
scintlllar.es •
Fcridiniopsls
rotundata -/4 -/o
reridanium
achromotrium .4/4 4/4 0/0 4/4 -/4 -f* 0/0 -/o 4/4 -to
btevii
ccrasus
claudicans
conicoides
-/o -/o
>
conicun
dcficiens -/o
-to
-/o
-to
-to
deprcssun
dlabolis
-/o -Jo
ftabrlatUA 
globulus -
-/o • /©  - /©
-/4
-J* 0/4
- / I S
-/O
lenticuiota
lenols -/o -to
rarilabourac
Monosninum 4/- 4/4
0/-
4/4 0/4
-/4 -/4 
-/O -/4 4/4 -/4 -/o 0/0
-to
-to
nudun
oblonmim - / o
4/4 b d /4 ♦/♦ is/4 0/- •to 4/-
obtusus
pellucldun •
pcntagonum 
pcntagonum v/1 *
- / o
- / o
p r c b r c v n
pyrlforme
quinquccome
roscum - / o
- / *
SCUtfJLlua
stcnil -to
subinc roe 
t r io u c t ru m
-/6
21/32 ♦/♦ 4/4 4/10
- /O
-/o 0/4 -to -/o
trochoidcua
tuba
4/4 4/4 
-to
O/O 0/4 0/4 ->4 4/4 4/35 4/33 -/4 -/o
sp. a
so. b
-/O 4/0 ■ / lb 4/ -
* rioroccntrum 
plcans ♦ /♦  o /o O/O 0/4 0/4 - /3 2 39/59 35/58 14/31 0/4 50 /87  69/96
trlangulatum 55/51  47/21 
• / o
56/16 94/64 33 /6 * 82/29 
-to
27 /4  *9 /1 3  
-to
29/4  66/43 
*
50/4 25/4 . 
•to 0/0
MCfrtis -  ■  none observed; o *  1%; ♦ 3 LCU; |  » percentage ol population.
* +/+ = surface value./ subsurface value'
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TABUB 8 (con't).
Dinoflagellate Species List and Occurrence*
Station D
S3M
oW
PL)
(/>
o>
3
<
inOJ
pH
N
•
(D
CO
1 Cerat iu* furcn
JL5____ I L
H rH rH rH H OJ O) OI O)
O ' O ' t " N N N O '
•P +J • • • . • • • •
a a ■F •P > O c 40 H u
0) V O a 0 V 3 to (0 a.CO .</) O O S5 .Q *■7 u, S C
00 « 00 0) CO Q\ ''t 0 OO) CO rH OJ _ H rH
.17... .13... .20.. .  22 23 ._.,.,21., 23 . -26... .27... 28
4/91 44/7? 
- / o
4/13 0/4 4/17 -/4 -/♦ ./o
fUSUOlihMtyiB
lo t¥ jipc :>  1 
>w>croecio3
tripos 
IHnoohvsis
«7o
•CUlcilKiCAcxwjua 0/0 -/o 0/4 "/O ->o_OVklMpunctata
Wplopsolis'
lcntioula
4^0 4/0
 zl°
4 / 4 0 / 4
- / o
if— r/i'
-/o o/o o/o
4/4
4/11 4/4
4i/oi StyB'‘rotundaca 
Dipl opsalopsls
w i io r  
obicnloris 
d cn o c iin iu m  
foliaccum
-/o -/o «/o 0/4 - / o
sp.
Gonyaulax
dicantha
diqcnsis-
T75- -}o~
jg~375igivalo 
digitale 
ioli
47r’
aceum 
nonilata kionotohvno 
Olycdrapo
poiyy
- /o’(j iv. ni a 
apinifcra
turuyncT 
Katodinlum 
rotundaio 
8p
JfocFiluta
sclntllJnnes
Pcridiniopsis- rotumtof.i
PerJdinium 
achroeatrium 
fcrcvll 
ccrasns
“ A> o/- «/o -/o */p~
-/o
claudicans
eonicoldes
conicum
dofjcicns - / o -/o -lZ2- -lZ£- -/o -/o -/o -4/4
deprcssura 
diabolls
-?o  
0/0 » /o
fimbrlatuo 
olobulus 
lcnticulata 
jionois
0/4- 4/4  —/o
■=73" 
4 / -  - /o
 2^.
-/o
-/O 
-/4 °/°
7 o  =7o"
T77=— =73"
-/o 
4/4  4/4
■=7? 470“
■ ta rila b o u ro e
ponospim im
*=S7="
=7o 
4/0 0/0-/o 0/0 4/0 4/4“474“nudum
. ptoonamn-
=7o~'Obtusum 
pcllucidum
=70 -7 o -7o-/o
pcntagonum 
pcntagonum v/1
7^o -/o
prcbrcvii
jvrlfonre
4/4 -/oqulnquccorno 
poseum
o7o =7?"
acutcllum
.m nU _ r/9
4/4 30/54 
0 /4  - /o
= 7o - / o
subincnae
triouctrum "T75"
-/o
4/4 4/45
/O •/» 
73/05 30/20
tro ch o id cu ffl 
tu b a _________
”7© 470
•p. a
sp. b
rroroccncrua 
nlcaiis 
Blnln’TTr.
4/ -
33 /72  25/22 13/22  23/61 24/19 57/82 77/85 0/4 0 /4  4/4 0/ 4  4/4
73/63 74/11 26/61 <3/12 17/4 86/44 15/* 40/18
- / o  o /«  I _  - / o  l  --------- .-J ----- -— - = /2-
■ IK; t a 10>; f ■ purccnttiyc of population.
. triarvjulatum 44/4 ?7/4
c^ut<»ll»i« I o/»
44/13 32/4
" / Q -
POFlit - * none observed; o
* +/+ = surface value/subsurface value
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were, in decreasing frequency of dominance, Prorocentrum minimum. 
Diplopsalis rotundata, and Prorocentrum micans.
Dinoflagellate community parameters for station D are 
presented in Table 9 and in Pigs, 20, 21, and 22, Dinoflagellate 
densities fluctuated greatly (Fig. 20). Throughout the year, the 
two subsurface depths fluctuated in unison and in the summer and 
winter they were nearly in synchrony with the surface fluctuation. 
The surface community had four density peaks (May 19, July 20, 
August 17, December 9, 1971), while the subsurface had two density 
peaks (August 4 and December 9, 1971). The surface density aver­
aged 7.1 times as dense as the subsurface, with the most pronounced 
difference occuring on July 20, 1971, when the surface was 73.9 
times as dense as the subsurface. The surface community was dom­
inated by 66% Prorocentrum minimum and 28% Katodinium rotundata, 
while the subsurface was dominated by 43% P. minimum, 38% Peridi- 
nium tochodium, and 13% Peridinium globulus. The lajter was not 
observed in the surface community, nor was K. rotundata observed 
in the subsurface. On August 4, 1971, the subsurface density was 
45.2 times as dense as the surface. This was the only observed 
situation where the surface density was significantly less dense 
than the corresponding subsurface density. The surface community 
contained only two species, 50% JP. minimum and 50% J?. micans. The 
subsurface, however, contained fourteen species, with £. micans 
comprising 87% of the individuals.
The surface community at station D consistently had 
fewer species than did the subsurface (Fig. 20). The surface
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averaged 6.8 species, while the subsurface averaged 11.1 species, 
but on two occasions the surface had more species than did the 
subsurface. The fluctuation patterns of the two subsurface depths 
were nearly in synchrony but on May 19, July 20, and August 17,
1971, they were clearly asynchronous with the surface fluctuation.
There were considerable differences between the surface 
and subsurface species diversities (Pig. 21). There was only one 
occasion (May 4 to May 19) when the subsurface diversity fluctu­
ations were not in synchrony. The subsurface diversities were r. 
usually nearly equal, while the surface diversities usually de­
viated significantly from the subsurface. The surface diversity 
fluctuations were often asynchronous with the subsurface, with the 
greatest difference occurring on May 4, 1971, when the surface 
diversity was 0.4732 and the subsurface diversities were 2.4148 
and 1.9109.
The surface richness (d) was not significantly different 
from that of the subsurface for much of the year (Fig. 21). The 
greatest differences occurred in the spring and summer, with a 
maximum difference on May 19, 1971.
Threr were pronounced fluctuations in evenness for most 
of the year (Pig. 21). The very low surface evenness on May 4,
1971 resulted from Prorocentrum minimum comprising 94% of the 
community. The two very high surface values on August 4 and 
October 22, 1971 resulted from the presence of only two species,
£. minimum and £. micans. Fluctuations for the two subsurfaces 
exhibited a high degree of parity, but were in disparity with 
the surface fluctuations.
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The surface to subsurface density ratios were usually
greater than 1.0 and had a seasonal average of 7.1 (Fig. 22). The
values were generally highest during the summer and moderate in the 
winter. The one exception occurred on August 4, 1971, when the sur­
face contained only two species and very few individuals.
Productivity and chlorophyll ’a ’ fluctuated independently 
from one another (Fig. 23). Neither revealed any clear correspond­
ence with the dinoflagellate density fluctuations (Fig. 20).
The rapid spring dinoflagellate increase occurred when
the water temperature rose from 7°C to 20°C (March 25 to May 19,
1971). The fall dinoflagellate decline occurred when the water 
temperature dropped to 23°C and the high winter density occurred 
when the water temperature dropped to 10°C. The decline of the 
early spring dinoflagellate bloom corresponded with the spring 
decline in salinity (May 19 to June 4, 1971). The fall dinoflagel­
late decline occurred during the fall salinity decline.
In summary, the dinoflageHates at station D were verti­
cally stratified into two partially separated communities between 
the surface and the 0.5 m depth. The surface consistently had 
greater cell densities and fewer species. The relative percentage 
of the species comprising the two communities often differed signi­
ficantly. The surface community had four density peaks while the 
subsurface had only two. The species diversity fluctuations for 
the surface and subsurface were consistently asynchronous. The 
subsurface community was slightly richer in species than was the 
surface. Evenness exhibited large fluctuations in both communities,
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but the fluctuations were asynchronous. The separation into two 
communities was fairly stable since these disparities were observ­
able throughout the investigation.
STATION E: YORK RIVER TUE MARSH
DINOFLAGELLATES
Forty-seven species of dinoflagellates were collected 
at station E (Table 10). Annual occurrence of each species is 
reported as its relative percentage of the dinoflagellate commun­
ity. During the investigation, twelve different species occurred 
as dominants. Four were dominant on only one sample date and 
four others were dominant on 25% or more of the sample dates.
These four frequently dominant species were, in decreasing fre­
quency, Prorocentrum minimum, Prorocentrum micans. Diplopsalis 
rotundata, and Peridimium triquetra.
Dinoflagellate community parameters for station E are 
presented in Table 11 and in Figs. 24, 25, 26, 33, and 34. Dino­
flagellate densities fluctuated extremely (Fig. 24). Throughout 
the investigation, the two subsurface depths fluctuated in syn­
chrony. The surface density fluctuations during the spring and 
summer did not accurately reflect the subsurface fluctuations.
The surface community had three density peaks (May 19, July 20, 
and December 9, 1971). These three did not correspond to the three 
peaks observed in the subsurface community (March 25, August 17, 
and December 9, 1971). The surface density averaged 23.4 times as 
dense as the subsurface, with the most pronounced difference occur­
ring on May 19, 1971, when the surface was 245.7 times as dense.
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On this date the surface community was 98% Peridinium nudum, while 
the subsurface community had six dominant species. The subsurface 
contained only 15% P. nudum, and the other five dominant subsurface 
species were not observed in the surface community. On July 20,
1971 the surface density was 163.0 times as great as the subsurface. 
The surface contained two dominant species, 73% Glenodinium sp. and 
22% Prorocentrum minimum, while the subsurface contained four domi­
nant species, three of which were not observed in the surface com­
munity. Prorocentrum minimum was the only common dominant in both 
communities. On December 9, 1971 the surface density was only 2.9 
times as great as the subsurface. The surface contained two domi­
nant species and the subsurface contained three. The two surface 
cominant species were also dominant in the subsurface and would, 
theeefore, appear to be of the same community. However, £. minimum 
accounted for 82% of the surface and only 43% of the subsurface, 
community. In contrast, Peridinium triquetra was 50% of the sub­
surface community and only 11% of the surface. Although the same 
species were dominant in both communities, considerable difference 
was evident between the two.
The surface community at station E consistently had 
fewer species (s) than did the subsurface (Fig. 25). The surface 
averaged 7.5 species, while the subsurface averaged 11.6. On two 
occasions (May 19 and July 20, 1971) the subsurface exhibited 
rapid increases in the number of species which were not as pro­
nounced in the surface. In general, the fluctuation patterns 
were similar for all depths.
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There were considerable differences between the surface 
and the subsurface diversities at station E (Fig. 25). Although 
the subsurface diversity fluctuations were in close accordance 
throughout the sampling period, they were discordant with the sur­
face fluctuations during most of the year. The high diversity 
values observed for the subsurface on May 19 and July 20, 1971 
correspond to the two rapid increases in the number of subsurface 
species. The most pronounced difference in diversities occurred 
on May 19, 1971, when the surface diversity was 0.2220 and those 
of the subsurface were 2.9584 and 3.0215. The very low surface 
diversity was a direct result of the 98% P. nudum dominance.
There were only slight differences in richness (d) be­
tween the surface and subsurface during most of the year (Fig. 26). 
When pronounced differences were observed between the surface and 
subsurface on May 19 and July 20, 1971, they corresponded to the 
subsurface high values in the number of species and species diver­
sity (Fig. 25). The range of richness fluctuation for all three 
depths was not great and characterized the dinoflagellate commun­
ity as being poor in species.
There were pronounced fluctuations in evenness (J') for 
most of the year (Fig. 26). The low surface value (May 19, 1971) 
resulted from the 98% P. nudum dominance. Evenness clearly showed 
the disparity between the surface and subsurface communities.
In summary, the dinoflagellates at station E were verti­
cally stratified into two communities between the surface and the 
0.5 m depth. This separation was readily observable in evenness
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and in the differences in dominant species. The surface density 
was usually considerably greater than the subsurface density, and 
although both communities exhibited tri-modal density fluctuation 
patterns, the peaks did not always correspond in time or magnitude. 
The species diversities showed the presence of two communities 
which displayed asynchronous fluctuation patterns. The differ­
ence between the community was not as apparent in species rich­
ness, even though the subsurface consistently had more species.
The separation of the communities was stable as it was discernable 
for most of the investigation.
STATION E: YORK RIVER TUE MARSH
DIATOMS
The diatom community analysis results for station E are 
presented in Table 12 and in Pigs. 27, 28, 29, 33, and 34. Diatom 
densities fluctuated seasonally (Fig. 27). Throughout the sampling 
period the two subsurface densities fluctuated similarly, the paired 
values being nearly equal. Fluctuations in surface cell density 
were similar to those of the subsurface, whereas the surface den­
sity values were consistently greater. The pattern of diatom fluc­
tuation was one of high winter densities, moderately high mid­
summer densities, and low spring and fall densities. The densities 
of both the surface and subsurface communities exhibited tri-modal 
patterns with peaks on July 20, October 8, 1971 and March 10, 1972. 
The greatest difference between the surface and the subsurface cell 
densities occurred on June 23, 1971 when the surface community was
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72.6 times as dense as the subsurface. During the entire inves­
tigation, the surface community had an average density 16.2 times 
greater than the subsurface.
The surface community consistently contained fewer 
species (s) than the subsurface (Fig. 28). The surface averaged 
25.5 species, while the subsurface averaged 32.9. The species 
fluctuations for all three depths were quite similar and were 
usually in synchrony.
Species diversity (H1) was only moderately different 
between the surface and the subsurface (Fig. 28). The two sub­
surface depths showed a very high degree of parity and nearly 
identical fluctuations. The surface fluctuations were generally 
in synchrony with the subsurface fluctuations except for three 
disparities occurring on May 19, July 20, and September 25, 1971. 
The maximum difference between the surface and subsurface diversi­
ties occurred on August 17, 1971 when the surface was 2.5992 and 
the subsurface values were 1.8094 and 1.6806.
Species richness (d) at the surface was consistently 
lower than the subsurface (Fig. 29). The fluctuations were simi­
lar for all three depths. The most pronounced fluctuations in 
richness occurred in the fall (October 22, 1971). The richness 
was most stable during the winter.
Evenness (J’) fluctuated rapidly in the spring and fall 
communities. The subsurface fluctuations were nearly identical, 
whereas the surface fluctuations were slightly different from the 
subsurface.
81
IL
\ \
Ul
0 1 0 0 1 0 0 1 0 0 * 0 0 1 0 0 1 0 0
( C l O l O ^ ^ l O r O N c v l ---
.. S3 l03dS 3 0  M38WnN
IO
to CM - o
A1ISH3AIQ S3l03dS
L <
- 2
- u.
- —>
- a
- z
CM
r-<n
Ul
ooCM
w  $  o PHP=l
- <
- “S
-2
- <
h-
o>
Di
at
om
 
S 
& 
H*
 
Pl
ot
s 
at 
St
at
io
n 
E
82
k<j
s 111
in
i i—i i—i—i i i—i—rn
q w c q s t o i o ^ W N - qo o
eJ
o
r -  <
- 2
— “3
- o
(SI
N
0>
- O
CO U l 
I- 
<  
o
—  ~3
Os
CM
C5HPR
- <
N
h 2  *
SS3NH0IU S3l03dS SS3NN3A3
Di
at
om
 
d 
& 
J'
 
Pl
ot
s 
at 
St
at
io
n 
E
In summary, the diatoms in the York River appeared to 
be vertie&lly stratified into partially separated communities.
This separation occurred between the surface and the 0.5 m depth 
and was evidenced by high surface cell densities and different 
fluctuation patterns of species diversities and evenness. Further­
more, the surface species richness and number of species were con­
sistently lower than those for the subsurface. Because of the sim­
ilarity in seasonal fluctuation patterns for all of the parameters, 
the surface diatom populations may be representative of peripheral 
populations rather than a distinct community.
STATION E: YORK RIVER TUE MARSH 
TOTAL PHYTOPLANKTON
Toted, phytoplankton community analysis results for the 
York River are presented in Table 13 and in Figs. 30 through 35.
The surface community density was consistently greater 
than that of the subsurface community (Fig. 30). The surface 
community averaged 23.2 times as dense as the subsurface and the 
maximum difference occurred on May 19, 1971, when the surface was 
192.8 times as dense (Table 13). Throughout the investigation, 
the paired subsurface densities were consistently close in rela­
tive value and the fluctuations were similar.. The fluctuational 
pattern for the surface densities has two asynchronous fluctuations 
with the subsurface (May 19 and July 20, 1971). The multi-modal 
density peaks for the total phytoplankton community clearly showed 
the effect of the abundant diatom component during both winter
84
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and summer. The influence of the dinoflagellate component on 
total community diversity was mostlplearly observed in the spring 
(May 19, 1971). The surface phytoplankton community had a quadra- 
modal fluctuation pattern of peak density (May 19, July 20, October 
8, 1971, and March 10, 1972), while the subsurface had a tri-modal 
fluctuation pattern (August 4, October 8, 1971, and April 4, 1972).
Throughout the investigation, the surface community con­
tained fewer species (s) than did the two subsurfaces (Fig. 31).
The surface community averaged 33.2 species, whereas the subsurface 
community averaged 46.4 species (Table 13). The fluctuations for 
all three depths were similar.
In the fall and winter, the fluctuations in species 
diversity (H1) were similar for all three depths (Fig. 31). During 
the spring, the surface diversities had considerable dissimilarity 
to the subsurface diversities. The maximum difference occurred 
at this time (May 19, 1971), when the surface was 0.4569 and the 
subsurface values were 3.4520 and 4.6586.
Species richness (d) of the subsurface community was 
consistently greater than that of the surface community (Fig. 32). 
The richness fluctuations were similar for all three depths.
Rapid fluctuations in the evenness (J ') reflected the 
bloom-or-bust characteristic of phytoplankton communities (Fig. 32). 
During the spring there was disparity between the surface and the 
subsurface fluctuations. During the remainder of the year there 
was greater similarity in fluctuations. The greatest discrepancy
87
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between the surface and subsurface evenness occurred on May 19, 
1971, when the surface value was 0.1024 and the subsurface values 
were 0.6677 and 0.7233.
The ratios of the surface to subsurface densities for 
the dinoflagellate and diatom components and for the total phyto­
plankton community are shown in Fig. 33. The surface dinoflagel­
lates averaged 23.4 times as dense as that of the subsurface.
The surface diatoms averaged 16.2 times as dense as that of the 
subsurface. The total surface phytoplankton community averaged 
23.2 times as dense as that of the total subsurface community.
The dinoflagellate and diatom components fluctuated independently 
from one another. On two occasions the surface to subsurface 
density ratios of the dinoflagellates was less than one (November 
13, 1971 and January 24, 1972). The lowest ratio for the diatoms 
was 4.14 (November 13, 1971), and the lowest ratio for the total 
community was 3.26 (November 13, 1971).
Relative component percentages for all three depths at 
station E clearly revealed the dominance of the diatoms during 
the winter (Fig.134) . - The surface diatom community was dominant 
throughout the year, with one exception in the spring (May 19, 1971 
to June 4, 1971). The surface dinoflagellates dominated the com­
munity on May 19 (97.8%) and were replaced by silicoflagellates 
on June 4 (72.3%). The difference between the surface and sub­
surface seasonal dominance patterns was clearly evident through­
out the investigation. On two occasions dinoflagellates were : 
clearly the dominant organism of the subsurface community (April 5
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and May 19, 1971). In addition, the silicoflagellates were never 
sufficiently numerous in the subsurface to be considered an 
abundant phytoplankter in terms of percentage of the total com­
munity.
Productivity and chlorophyll'’A' appear to have limited 
correlation between the two fluctuation patterns (Pig. 35).
However, neither fluctuation pattern appears to correspond with 
patterns of community density (Fig* 30), or dominance (Fig. 34).
Winter diatom density declined when the water tempera­
ture was rapidly increasing from 5°C to 20°C (Fig. 35). At this 
time, the dinoflagellates increased in density. The winter dino- 
flagellate bloom and decline corresponded with the temperature 
decrease from 20°C to 7°C. The winter diatoms appeared to in­
crease when the water temperature dropped below 10°C.
Salinity values did not reveal any direct influence on 
the phytoplankton community. However, the spring salinity depres­
sion (May 19 to June 4, 1971) corresponded closely with the spring 
decline of dinoflagellates at all three depths. The rapid salinity 
decrease may have been instrumental in eliciting the rapid increase 
in silicoflagellates in the surface community.
In summary, the near surface phytoplankton were verti­
cally divided into two partially separate communities. The sep­
aration occurred between the surface and the 0.5 meter depth.
This separation was evidenced by consistently higher surface cell 
densities, lower number of species and lower species richness.
The separation was also observable in differences in patterns
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of species diversity and evenness during the spring and summer 
fluctuation. Furthermore, the surface community exhibited a 
quadra-modal pattern of peak cell densities, whereas the sub­
surface exhibited a tri-modal pattern. The surface to subsurface 
density ratios for both diatoms and dinoflagellates were consis­
tently greater than one. The surface to subsurface density ratios 
for the total phytoplankton community never went below 1.0. The 
separation of the communities was further shown by the pattern of 
alternation between dominant phytoplankters. During the spring, 
summer and fall there were numerable differences between the 
communities.
DISCUSSION
There are two aspects of the phytoplarikton communities 
which need further elucidation. The first of these is a reiter­
ation of the observed characteristics of phytoplankton in the 
near-surface water column and the second is a comparison between 
stations.
Analysis of the various parameters of the phytoplankton 
in the near-surface waters suggests that the phytoplankton are 
characteristically divided into two vertically stratified commun­
ities. Supportive evidence for this delineation is based on 
the differences observed in both measured and computed community 
parameters for the samples taken from the three depths. The 
measured parameters were cell density, species numbers, and 
species occurrence. The computed parameters were species rich­
ness, evenness, species diversity, surface to subsurface ratios, 
and component composition percentage. The stratification does 
not result in two isolated communities with one on either side of 
an impenetrable barrier. Rather, the two communities appear to 
result from interned, biotic factors of the individual organisms, 
which actively or passively receive environmental stimuli that 
illicit intrinsic responses. These responses may well cover a 
wide range, but two significant responses would be motility and 
reproduction. The effect of these responses is a partial
95
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separation of the phytoplankton into two vertically stratified 
communities. Only through examination of the communities over 
an extended period of time can the uncertainties of sampling 
anomalies depicting vertical stratification be minimized to a 
degree that their probability of repeated occurrence is suf­
ficiently small to assert that a vertical separation exists in 
the natural state.
The results of this investigation clearly indicate 
that vertical separation was indeed observable over an extended 
period and that the separation was observable in numerous com­
munity parameters. The separation of the communities is shown 
by differences in the cell densities of the two communities.
The community occupying the surface averages about twenty times 
as dense as that occupying the subsurface waters. However, this 
average surface density appears to be pushed upward as a result 
of a few samples which might be interpreted as being atypical.
An estimate of the difference in density is that the surface 
waters are six to ten times as densely populated as the sub­
surface waters. The seasonal fluctuations of cell densities 
further supports the two community concept. The surface 
density fluctuations for all stations are clearly different 
from the corresponding subsurface fluctuations.
The separation of the two communities is also evi­
denced by differences in the relative frequency of the species, 
comprising the communities. This is illustrated in dinoflagellate 
occurrence analysis which revealed that Prorocentrum minimum and
97
Peridinium nudum consistently occurred at higher relative fre­
quencies in the surface community than in the subsurface community. 
Conversely, Prorocentrum micans and Ceratium furca occurred at 
higher relative frequencies in the subsurface community.
The existence of two communities is further indicated 
by different species diversities for the surface and the sub­
surface phytoplankton. This difference becomes readily observable 
when the fluctuations of the diversities are compared. The sep­
aration into two communities was not as clearly evident in the 
diversity analysis as was observed for the cell density and the 
relative frequency of species occurrence. The reduced degree of 
notable separation between communities partially results from the 
nature of the species diversity parameter, which is a composite 
value of both evenness and species richness.
Analysis of evenness revealed periods of asynchrony in 
the fluctuation patterns between the two communities. These 
periods of asynchrony correspond to the periods of separation 
observed in species diversity. Differences in species richness 
values for the two communities were primarily in magnitude of 
richness and not in the seasonal fluctuations. The synchrony 
of the richness fluctuations gives credence to the concept that 
the two communities may be only partially separated and that the 
separation results from individual discriminative responses to 
environmental stimuli. These stimuli may include differences in 
incident radiation and nutrients, as well as intraspecies reactions.
Further supportive evidence for the concept of dis­
criminative response by the phytoplankton is observed in the
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occurrence of some species. Many species were conspicuous by 
their absence or rare occurrence in the surface community, while 
they were frequently observed in the subsurface community. 
Examples of such species arer Peridinium claidican, P. mariela- 
bourie. £. deficiens, P. obtusum. P. conicum, P. leonis, P. sub- 
inerme, Gonyaulax dieantha, G. spinifera, Diplopsaltopsis obicu- 
laris, and Dinophysis acuminata. A discriminative response of 
avoidance of the surface micro-layer by these species could re­
sult in a lowered species richness for the surface community. 
Conversely, a positive response of attraction to the surface by 
a few specialized but abundant species, Prorocentrum minimum and 
Peridinium nudum, could account for the increased cell densities 
and increased relative frequencies of occurrence of these species 
in the surface community. Thus, it appears that discriminative 
responses by the cells is observable in the separation of the 
dinoflagellate species and results in the establishment and 
maintenance of two spacially separated communities. The specific 
environmental factors which may elicit the discriminative respon­
ses have not been investigated. The mechanics of separation may 
be a result of the strong mobility capabilities of the dino­
flagellates and differences in reproductive rates. The stability 
of the two separate communities, even during and after periods 
of high wind and choppy surface conditions, attests to the mi- 
grational capability of the organisms. However, the observed 
differences in community parameters may have partially resulted 
from the differences in sample manipulation procedures for the 
surface and the subsurface. Whereas the surface samples
contained the total phytoplankton without any size discrimination, 
the subsurface samples contained only those species which were 
trapped by the 20 u mesh net. Accordingly, the subsurface net 
samples may not have accurately reflected the density of those 
species smaller than 20 u in their shortest diameter. This dis­
parity between surface and subsurface samples could result in 
reduced densities observed for the subsurface community. Both 
of the factors, the discriminative response by the cells and 
the differences in sampling procedure, were probably influencing, 
either positively or negatively, the observed differences between 
the two communities.
The last of the community parameters investigated was 
the analysis of the relative percentage of the various components 
comprising the total phytoplankton community. Again, differences 
between the surface community and the corresponding subsurface 
community were evident. Separation of the two communities by 
the relative percentages was most observable in the York River, 
whereas the upper Mobjack Bay communities were not as conspic­
uously separated. Further discussion of the relative percentages 
will be presented in the section comparing stations A and E.
The second community aspect to be discussed is that 
of similarities and discrepancies between the four stations. 
Comparisons are presented for dinoflagellates at all four 
stations, whereas the diatoms and the total phytoplankton com­
munities are compared for stations A and E only.
The dinoflagellate densities for all stations revealed 
that the surface waters had higher cell densities than did the
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subsurface waters. The surface dinoflagellates at station A 
averaged twenty-one times as dense as the subsurface. Simi­
larly, for stations B, D, and E, the respective surface densities 
averaged thirteen, seven and twenty-three times as dense as the 
respective subsurface densities. The fluctuation patterns showed 
that for all stations the two subsurface depths maintained a high 
degree of parity and synchrony. Conversely, the surface values 
were frequently much higher than the subsurface values, and the 
surface fluctuations were asynchronous with the subsurface fluc­
tuations during the spring and early summer. The cyclic patterns 
of dinoflagellate density were different for each station. The 
surface dinoflagellates at station A had a tri-modal cycle having 
three density peaks, whereas the subsurface exhibited a bi-modal 
cycle. The surface dinoflagellates at station B also had a tri- 
modal cycle whereas the subsurface was uni-modal. A quadra-modal 
cycle was observed for the surface at station D, whereas the sub­
surface had a bi-modal cycle. At station E, both the surface and 
the subsurface were tri-modal, however, the cyclic patterns for 
the two communities were not synchronous.
The average number of species of dinoflagellates in the 
surface community was approximately only 65% of that in the 
corresponding subsurface community. The surface dinoflagellates 
averaged 8.1 species at station A, 7.3 and 6.8 species at stations 
B and D, and 7.5 species at station E. The average number of 
species in the respective subsurface communities were 12.4, 12.0, 
11.1, and 11.6. Increases and decreases in the number of species
101
at all stations were usually synchronous within a station. This 
probably resulted from major physio-chemical changes of a magni­
tude which would affect the total biota within the watermass of 
the sampling area. The stations were sufficiently distant from 
one another that major physio-chemical changes were not neces­
sarily common to all stations simultaneously. Therefore, changes 
at the different stations were not necessarily synchronous.
By employing the Margalef (1967) formula to estimate 
species richness (d), the observed differences between the surface 
and the subsurface dinoflagellate communities were reduced in 
magnitude. Accordingly, the communities at stations A and D had 
no significant difference in either richness or in fluctuation 
patterns, whereas at stations B and E the surface communities were 
slightly less rich in species. Richness fluctuations for the 
surface were asynchronous with the subsurface fluctuations during 
the spring and summer. Evenness fluctuations for the subsurface 
depths were in synchrony throughout the year, whereas the surface 
fluctuations were asynchronous with the subsurface during most of 
the year. This asynchrony was observed at all four stations. 
Species diversities of the surface and subsurface dinoflagellates 
had asynchronous fluctuations whereas the two subsurface depths 
had synchronous fluctuations.
Early spring increase of the dinoflagellate density 
at all four stations occurred when the water temperature rapidly 
increased from 5°C to 20°C. The spring dinoflagellate decline 
at stations B, D, and E appeared to correspond to a rapid deeline
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in the salinity. The fall decline of dinoflagellates began when 
the water temperature dropped below 20°C. The fall decrease in 
dinoflagellates generally corresponded to the fall decline in 
salinity. The mid-winter bloom of dinoflagellates occurred 
when the water temperature was 10°C.
If the theoretical community parameters of density, 
species occurrence, richness, evenness, and species diversity are 
accepted as representative measures of a community, then the ob­
served disparities in measurements between the surface and sub­
surface would indicate the presence of two partially separated 
dinoflagellate communities from early spring until late fall.
In contrast, the two subsurface depths revealed a high degree 
of similarity in all of the measured parameters and could 
therefore be considered as one community.
The diatom communities at stations A and E do not reveal 
as decisive a separation between the surface and the subsurface 
as was observed for the dinoflagellates. Cell densities at both 
stations showed that the two subsurface depths were nearly equal 
and the fluctuations were consistently greater than the correspond­
ing surface . densities and averaged approximately sixteen times 
as dense. The surface density fluctuations were in synchrony with 
the subsurface fluctuations. Both stations had tri-modal peak 
density cycles. The average number of diatom species in the sur­
face waters was 25.6, whereas the subsurface averaged 32.9 and 
34.6 species for stations A and E respectively. The fluctuations 
of the number of species was synchronous for all three depths.
There were no significant differences between the depths in
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either species richness or in the richness fluctuations. At 
station A in the spring and summer the surface evenness was in 
both disparity and asynchrony with the subsurface evenness. This 
difference between the surface and the subsurface was not as pro­
nounced at station E where there was only a slight disparity and 
the fluctuations were synchronous. Species diversities at both 
stations had only slight differences between the surface and 
subsurface communities, and the fluctuations were usually syn­
chronous .
Based on the community parameters employed, the diatoms 
at stations A and E showed slight differences between the surface 
and subsurface waters. As the diatom species occurrence analysis 
was not available, it was not possible to make a complete evalu­
ation of the extent of separation. However, both Manzi and Gibson 
(personal communication) have expressed the opinion that the sur­
face diatom species composition was not radically different from 
the adjacent subsurface diatom composition. Thus, unlike the 
dinoflagellates, the surface waters appear to be inhabited by 
a peripheral community of the subsurface diatom community.
Cell densities for the total phytoplankton community 
at stations A and E showed that the subsurface depths were 
synchronous in their fluctuations. The surface cell density 
fluctuations at both stations were asynchronous with the sub­
surface densities during spring and summer. The surface cell 
densities at station A averaged 21.8 times as dense as the
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subsurface and at station E they averaged 23.2 times as dense as 
the subsurface. The surface fluctuations at both stations were 
quadra-modal, whereas the subsurface had tri-modal fluctuations.
This quadra-modal pattern of density maxima does not 
agree with those observed by other investigators. Patten, et. ail. 
(1963) and Manzi (1973) observed five density maxima peaks for 
the York River phytoplankton community. Density maxima may not 
be a definitive descriptive feature of the community because it 
may be subject to fluctuations as a result of variable physical 
parameters. To illustrate this, the summer of 1971 was atypical 
in so far as the normal summer maximum water temperature of 30°C 
was not observed. The lowered maximum temperature during the 1971 
summer may have been the reason that very few red-water blooms 
were observed during that summer. This temperature difference 
could conceivably have been responsible for the absence of a 
fifth density maxima during the 1971 season. Manzi (1973) per­
formed cluster analysis on the diatom component of the phyto­
plankton community and concluded that seasonality was best de­
picted by a three cycle pattern. He considered cluster analysis 
to be a more stable measurement of seasonality successions than 
community density maxima. In addition, Manzi conceded that if 
cluster analysis was performed on the total phytoplankton com­
munity, there might be a fourth successional stage occurring 
during the spring and that this stage would probably by character­
ized by a preponderance of flagellates. This fourth successive 
stage would coincide with the observations of this investigation 
for stations A and E.
The average number of species encountered in the sur­
face total phytoplankton communities at both stations was 33.4, 
while the average number of species in the subsurface communities 
was 46.1. Fluctuations in the number of species were synchronous 
for all three depths. Similar results were obtained for the spe­
cies richness. The surface richness was lower than the subsurface, 
but the surface fluctuations were in synchrony with the subsurface 
fluctuations at both stations. Synchronous fluctuations of rich­
ness may have resulted from changes in the physical environment 
common to both communities. Evenness at both stations showed 
disparity between the surface and the subsurface. The surface 
evenness fluctuations were asynchronous with the subsurface 
fluctuations during the spring and summer. Species diversities 
at both stations were only slightly different between the surface 
and subsurface communities, and the surface diversity fluctua­
tions were asynchronous with those of the subsurface during the 
spring. Both stations had four peaks of maximum diversity for 
both the surface and subsurface communities. The periods of 
maximum diversity were not always concurrent for the coincident 
communities. These findings generally agree with the four diver­
sity maxima peaks reported by Gibson (1971) and Manzi (1973) in 
their investigations on the York River. However, earlier inves­
tigations by Patten, et. al. (1963) and Mackiernan (1968) des­
cribed six peaks of maximum diversity. Patten reported that 
maximum diversity values were greatest during the summer months,
with lower values observed during the winter at his two York 
River stations. This is in agreement with the observations of 
this investigation for both the Mobjack Bay and the York River.
The most pronounced difference between stations A and 
E, and between the surface and the subsurface communities, ap­
peared in the relative percentages of dinoflagellates, diatoms, 
and silicoflagellate-euglenoids. During the winter at station A, 
both the surface and the subsurface communities were clearly 
dominated by diatoms. During the spring, summer, and fall, the 
communities at all three depths were observed to exhibit frequent 
and rapid alternations of dominance between the diatoms and the 
dinoflagellates. These community changes could occur in response 
to changes in the nutrient and growth auxin levels as well as 
other physio-chemical changes of the environment. At no time did 
the silicoflagellate-euglenoid component become dominant. Differ 
ences in the fluctuations of dominance are apparent at all three 
depths, but the two subsurface depths were more similar to one 
another than either is to the surface. The frequent fluctuations 
of dominance between the dinoflagellates and the diatoms in the 
upper Mobjack Bay are apparently characteristic of stable and 
diverse phytoplankton communities inhabiting relatively pollution 
free waters.
The relative percentages of the total phytoplankton 
community at station E of the York River had significant dif­
ferences from that observed at station A. The surface community 
at station E was dominated by diatoms for nearly the entire year. 
During the early spring there was only one short period of time
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when the dinoflagellates became dominant. The short-term dino­
flagellate bloom was immediately followed by an equally short­
term silicoflagellate bloom. In contrast, the subsurface com­
munity exhibited a clear tendency toward the multi-modal alter­
nations of community components described for station A. How­
ever, during the summer and fall the subsurface dinoflagellates 
did not exhibit pronounced multiple dominance. The community 
fluctuations of the two subsurface depths were nearly identical 
and representative of a single community. The surface community 
fluctuations were decidedly different from those of the subsurface 
community. The prolonged dominance of the diatoms at station E 
may possibly be indicative of increasing enrichmentiin the York 
River.
CONCLUSIONS
The thecate dinoflagellates were separated into two 
communities, one at the surface and another at 0.5 m and deeper. 
The dinoflagellates in the 0.5 and 1.0 m depths were from one 
community. Separation of the two communities was observable in 
differences of species occurrence, density, number of species, 
evenness, richness, and diversity. The seasonal fluctuations of 
these community parameters showed temporal differences between 
the two communities.
The diatoms were separated into two communities at 
stations A and E between the surface and 0.5 m depth but the 
separation was not as pronounced as that of the dinoflagellates. 
Diatoms had a clear separation in density and number of species 
but only moderate separations in evenness, richness and diversity. 
The diatoms in the 0.5 m and 1.0 m depth were from one community.
Separation of the silicoflagellates and euglenoids was 
apparent during the limited time that these organisms were major 
components of the community. The separation was observable in 
species occurrence and density. The organisms for the 0.5 m and 
1.0 m depths were from one community.
Total phytoplankton at stations A and E were separated 
into two communities with the separation occurring between the
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surface and 0.5 m depth. The phytoplankton from 0.5 m and 1.0 m 
depths were from one community. The surface community had higher 
cell densities, fewer species, lower richness, lower diversities, 
and different evenness than was observed for the concurrent sub­
surface community. Vertical heterogeneity between the two com­
munities was reflected by the pronounced differences of the rela­
tive abundance of the community components. Seasonality fluctu­
ations of community components showed clear temporal differences 
between the two communities.
Heterogeneity in horizontal distribution of the community 
components as well as for the total community was observed in the 
seasonal fluctuations of the measured parameters. Differences 
between consecutive stations were subtle, while differences be­
tween stations A and E were easily observable. The seasonal 
fluctuations of relative abundance of the surface community com­
ponents at stations A and E clearly showed horizontal hetero­
geneity. Station A had frequent alternations of dominance between 
dinoflagellates and diatoms, whereas the diatoms were dominant 
for nearly the entire year at station E.
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